In schistosomiasis japonicum, the major pathologic lesion is the granulomatous inflammation that occurs around parasite eggs trapped in the liver. The size of these granulomas and their major sequela, a rise in portal pressure, both peak between 8 and 10 weeks after infection and then spontaneously decrease. We have shown that the adoptive transfer of the serum, but not lymphoid cells, of 30-week-infected mice caused decreases in both the size of the hepatic granulomas and the portal pressure of acutely infected recipient mice. The present study examines the role of both humoral (serum) and ceDlular immune mechanisms of modulation throughout
In schistosomiasis japonicum, the major pathologic lesion is the granulomatous inflammation that occurs around parasite eggs trapped in the liver. The size of these granulomas and their major sequela, a rise in portal pressure, both peak between 8 and 10 weeks after infection and then spontaneously decrease. We have shown that the adoptive transfer of the serum, but not lymphoid cells, of 30-week-infected mice caused decreases in both the size of the hepatic granulomas and the portal pressure of acutely infected recipient mice. The present study examines the role of both humoral (serum) and ceDlular immune mechanisms of modulation throughout the course of murine infection. Pools of serum (0.3 ml), spleen cells (5 x l0e), or splenic T cells (2 x 107) from mice infected for 10, 20 , and 30 weeks were adoptively transferred into mice at 4 and 5 weeks of infection. One week later (6 weeks postinfection), the portal pressure and size of hepatic granulomas in all recipient mice were determined. The 10-week-infected mouse serum occasionally lowered these values, but serum from 20-and 30-week-infected animals was consistently suppressive. The active component of 30-week-infected mouse serum coeluted with immunoglobulin Gl. In contrast, 10-week-infected spleen cells or T cells consistently lowered portal pressure and granulomatous inflammation, but 20-and 30-week spleen cells did not. The phenotype of these suppressive T ceDls was Lyt-1-2+. These in vivo observations confirm earlier in vitro studies on ceDlular and humoral immune modulation of egg antigen-induced spleen cell blastogenesis. The current study demonstrates that both cellular and humoral regulation of granulomatous inflammation occur in murine schistosomiasis japonicum but with different kinetics: celular mechanisms are maximal early (10 weeks) while humoral mechanisms predominate late during the chronic stage of infection (20 and 
weeks).
During infection of C57BL/6 mice with Schistosoma japonicum, granulomas form around parasite eggs trapped in the hepatic sinusoids. This results in obstruction of portal blood flow and in bleeding esophageal varices. As the disease progresses from acute (6 through 15 weeks) to chronic (20 and 30 weeks), granulomatous inflammation, portal pressure, and several immune responses to soluble egg antigens (SEA) decrease dramatically (9, 10, 19) . This process begins soon after the onset of egg deposition (3 to 4 weeks), with a diminution in SEA-induced responses occurring as early as 7 weeks of infection (9) . This spontaneous regression of pathology and of immune responses to SEA has been termed modulation and appears to be mediated in part by serum factors (10, 19) . Thus, the adoptive transfer of serum from 30-week-infected mice to acutely infected recipient animals reduced granulomatous inflammation and portal pressure (19) . In contrast, the adoptive transfer of spleen cells (SC) from 30-week-infected mice had no effect. In vitro, the immunoglobulin G1 (IgGl) fraction of serum from chronically infected mice suppressed SEA-induced blastogenesis of SC from acutely infected mice (10) . In vitro, SC blastogenesis is inhibited by both anti-SEA and antiidiotypic IgGl antibodies, which increase in titer and change in specificity during infection (17) . The most dramatic diminution in granulomatous inflammation and portal pressure, however, occurs between 9 and 15 weeks of infection (19) . Serum or its IgGl fraction taken from 10-to 15-weekinfected mice was significantly less effective in suppressing SEA-induced blastogenesis in vitro than 20-or 30-week serum pools (17) . Other regulatory mechanisms were therefore investigated during the time of maximal downregula-tion. We have recently shown that Lyt-1-2+ suppressor T cells from the spleens of 10-week-infected mice suppress SEA-induced blastogenesis of SC from 5-or 6-week-infected mice in vitro (20) .
Inasmuch as previous in vitro studies suggested that both cellular and humoral mechanisms could affect cellular responses to SEA, the present study examined the in vivo role of both humoral (serum) and cellular mechanisms throughout the course of a murine infection with S. japonicum. (10) . Protein content was determined by the method of Lowry et al. (15) . Spleens were removed, and single-cell suspensions were made in phosphate-buffered saline. T cells were prepared by incubating 108 SC on a nylon wool column for 30 min at 37°C (13) . The eluted cells were 95% Thy-1-2+, as assayed by complement lysis with anti-Thy-1.2 antibody and complement (Cedarlane, Hornby, Ontario), and contained fewer than 5% macrophages and B cells, as assessed by phagocytosis of latex particles and immunofluorescence. In some experiments spleen T cells were treated with alloantiserum to Lyt-1.2 or -2.2 determinants and complement (alloantiserum and Low Tox-M rabbit complement, Cedarlane) (11) . Purity was again tested by immunofluorescence.
Recipient mice were infected with 25 cercariae of S. japonicum. Four weeks later they were injected intravenously with 0.3 ml of serum, 0.5 mg of purified immunoglobulin, 5 x 107 Sc, 2 x 107 T cells, or a combination of these.
Treatment with cells or serum was repeated 1 week later (5 weeks of infection). At 6 weeks of infection a laparotomy was performed, and portal pressures were determined. Mice were then sacrificed for the measurement of a variety of parameters (16) .
Determination of portal pressure, granuloma size, and other pathologic and parasitologic parameters. The mice were anesthetized intraperitoneally with sodium pentobarbital, and a laparotomy was performed. Portal pressure was measured with a pressure manometer following cannulation of the portal vein. The liver and spleen were removed and weighed, and sections were processed for histologic examination (16) . The diameter of granulomas around single freshly deposited eggs was measured in liver sections with a Vickers image-splitting eyepiece (16) . At least 20 granulomas per liver were measured, and the mean of means for each group was determined for each experiment. Significance was evaluated by Student's t test between groups. For repeated experiments a paired t test was used.
RESULTS
Adoptive transfer of SC and serum from 10-week-infected mice. Adoptive transfer was performed at 4 and 5 weeks of infection, and the animals were assayed at 6 weeks since this time point was before the onset of spontaneous immunomodulation (9, 19) . Eight weeks of infection has been traditionally used in adoptive transfer experiments with S. mansoni, but modulation in S. japonicum occurs earlier after patent infection. Therefore, 6 weeks has been used as the standard time of assay in murine S. japonicum infections (19) . At 6 weeks of infection, untreated mice already had significant enlargement of the liver and spleen (60% and 43% increase, respectively), lower hematocrits (18% decrease), and higher portal pressures (160% increase) than uninfected controls (Table 1) .
In the initial experiment, the adoptive transfer of serum from either normal mice or 10-week-infected animals had no effect on any of these parameters or on the size of granulomatous inflammation around freshly deposited ova observed in pathologic sections of the liver ( Table 1 ). The adoptive transfer of 5 x 107 SC from uninfected mice did not significantly reduce portal pressure but did significantly reduce the area of granulomas from 92 (+5) x 103 to 72 (+2)
x io, Rm2 (P < 0.05). This suppressive effect of normal SC was seen in two of four in vivo experiments. A similar suppressive effect has been seen in in vitro experiments in which coculture of SC from normal animals significantly reduced SEA-stimulated thymidine incorporation by SC taken from acutely (5-week) infected mice (20) . Therefore, the effects of adoptive transfer of infected SC were always compared with those for normal SC. The adoptive transfer of Dynamics of these two modulatory activities. Since these results were in contrast to those previously obtained with 30-week serum and lymphoid cells, the dynamics of serum and cellular modulating mechanisms were examined during the course of 30 weeks of infection. In two experiments, the modulatory activities of serum and SC from mice infected for 10, 20, and 30 weeks were directly compared ( Table 3) . The serum of 10-week-infected mice was minimally suppressive. Serum pools from animals infected for 20 and 30 weeks were consistently more suppressive of both portal pressure and granuloma area.
In contrast, 10-week SC were more inhibitory for both parameters than 20-and 30-week SC. The adoptive transfer of SC from the second two time points had no effect on either portal pressure of granuloma area. In an additional experiment, 2 x 107 T cells from 30-week-infected mice also had no effect on either parameter (data not shown).
Phenotype of suppressive T cells. To determine the phenotype of the suppressive T cell population of 10-week-infected 
DISCUSSION
The pathogenesis of the hepatic egg-induced granuloma and its modulation have been studied extensively in murine schistosomiasis mansoni (5-7). The formation of an egg granuloma is a delayed-type hypersensitivity (DTH) response to SEA released by the trapped ova. Granulomatous inflammation is much larger than the egg that evokes the response, and thus the immunopathology of this infection reflects largely the host response. This process is mediated by Lyt-1+2-helper T cells, which migrate into the egg granuloma (6) . This process is modulated by both Lyt-1-2+ cyclophosphamide-sensitive Ia+ splenic T suppressor cells and Lyt-1+2-suppressor inducer cells which develop during chronic infection (4-7). These cells have been shown to reduce the size of granulomatous inflammation after their adoptive transfer into acutely infected recipient mice. In vitro, these cells have been shown to suppress SEA-induced blastogenic response and lymphokine production by SC taken from acutely infected animals (6) .
The granuloma in murine S. japonicum infection is also a DTH response. Thus, Cheever et al., using T cell-deficient mice, have shown that the induction of granuloma formation in S. japonicum infection is T cell dependent (4). We have previously shown that granuloma formation around parasite eggs in the lung model of S. japonicum infection is also T cell dependent (18) .
By week 4 of S. japonicum infection, large hepatic granulomas can be found, and SC from these animals spontaneously secrete the lymphokine ESP, proliferate vigorously, and secrete immunoglobulin after stimulation with SEA (9, 10, 19) . Both immediate and DTH reactions can be elicited by footpad injections of SEA (9) . However, by week 7 the production of ESP, SEA-stimulated proliferative response of SC, and immediate and DTH responses to SEA begin to decline, so that by 10 to 15 weeks of infection these responses can no longer be elicited (9, 10) . Interestingly, humoral immune responses such as total serum immunoglobulin and anti-SEA-specific immunoglobulin titers do not modulate and continue to rise throughout infection (14) . Antibody production to SEA has been shown in cultures of SC from mice infected for 4 to 22 weeks (9) . Granulomatous inflammation and portal hypertension peak at between 8 and 10 weeks and then decline so markedly that by 30 weeks granuloma areas are less than 10% of their maximal value and portal pressures have returned to almost normal levels (19) . Using anti-mu-treated mice, Cheever et (19) . Corresponding suppression of SEA-induced SC blastogenesis and immunoglobulin synthesis by 30-week serum was also noted (10) . The active suppressive component in vitro coeluted with IgGl on a protein A-Sepharose column (10) . The mechanism of serummediated suppression was studied in vitro and appears to involve both anti-SEA IgGl and anti-idiotypic IgGl antibodies (17) , both of which increase during chronic infection. The in vivo relevance of these in vitro observations is unknown.
In the present investigation the active component of serum from 30-week-infected mice in vivo also coeluted with IgGl. eSignificantly lower than controls (P < 0.02). f Significantly lower than controls (P < 0.01).
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We have shown that splenic T cells from 10-week-infected mice will suppress SEA-induced blastogenesis in vitro (20) . In the present investigation the adoptive transfer of SC from 10-week-infected mice modulated granulomatous inflammation and portal pressure in vivo. The responsible SC appeared to be T cells on the basis of their failure to be removed on nylon wool columns and their lysis with antiThy antibody and complement. It appeared that the phenotype was Lyt-1-2+ since pretreatment with Lyt-2.2 but not Lyt-1.2 alloantiserum and complement removed suppressive activity. The phenotype of the cells which were immunosuppressive in vivo, therefore, is the same as that of the cells which suppress in vitro SEA-induced blastogenesis of 5-week-infected SC (20) . As has been observed in other antigen-induced systems (8, 12) , both in vitro and in vivo, some suppression was seen with normal SC. This problem was circumvented in the in vitro experiments by purifying T cells and mitomycin C treatment (20) . In vivo, 2 x 107 normal T cells were not suppressive and thus served as a control. As the disease progressed (20 to 30 weeks of infection), suppressive SC or T cells could no longer be demonstrated in the spleen by adoptive transfer of 4 x 107 SC or 2 x 107 splenic T cells. It is not known whether the failure of these SC to inhibit granulomatous inflammation is due to an absolute loss of a population of Lyt-2+ suppressor cells from the spleen, to a relative loss of these cells combined with a rise in the number of T helper cells, to interference with suppression by the rising level-of antibody to SEA or anti-idiotype, or to a combination of these mechanisms.
The role of IgGl antibody to SEA as well as anti-idiotypic antibody in modulating granulomatous inflammation is supported not only by the adoptive transfer experiments and in vitro experiments but by the inverse relationship between the decline in DTH to SEA (manifested by reduced granulomatous inflammation, footpad swelling after infection of SEA, and lymphokine production by granulomas) and the rise in serum IgGl antibody to SEA and anti-idiotypic antibody. Thus, there is split unresponsiveness in this ihfection; DTH to SEA is impaired but antibody production is not. This split unresponsiveness is reminiscent of the findings in some experimental models. Thus, DTH totuberculin but not the production of circulating antibody was inhibited in guinea pigs injected with tuberculin protein before immunization with Mycobacterium bovis BCG (2) . In another study with guinea pigs, development of DTH but not of antibody production was inhibited by prior injection of the antigen (1). Thus far there has been no generally accepted explanation of this split unresponsiveness.
The data presented strongly suggest that both cellular and humoral regulation of granulomatous inflammation and its sequela, elevated portal pressure, occurs in C57BL/6 mice infected with S. japonicum. Cellular suppression is mediated by Lyt-1-2+ T cells, occurs early in infection, and then wanes. Humoral suppression is mediated by an IgGl antibody, presumably anti-SEA and anti-idiotype, and can be demonstrated to some extent throughout infection but is most prominent late in infection (20 to 30 weeks), when the titer of both anti-SEA and anti-idiotypic antibodies is high.
